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interferential Fields in a Fluid Medium 
Field interaction between two applied inter-
ferential fields has been investigated in a 
homogenous water medium. 
Previous published theoretical explanations 
of interferential beats by Nemec (1967) and 
Hansjurgens (1974) used very simplistic as-
sumptions for slowly varying fields. This pres-
ent study describes the expected beating pat-
terns without recourse to oversimplification. 
At each point in the medium two vector 
directions (Q) and magnitudes (R) for 100 per 
cent beating are predicted to occur. Good 
agreement (r > 0.93) between predicted and 
measured values of R and Q indicated the 
theoretical approach used was valid and in 
some cases gives different results than pre-
vious field distribution descriptions. 
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The use of interferential fields and 
their associated currents has been a 
recognised method of producing larger 
subcutaneous low frequency currents 
than conventional approaches since 
the technique was first developed by 
Nemec (1959, 1967, 1969). 
The present state of understanding 
on the mode of operation and possible 
physiological effects has been well 
reviewed by De Domenico (1981). 
Basically, the technique consists of 
applying two slightly different medium 
frequency fields both of frequency 
about 4000 Hz, by means of four 
electrodes (two pairs). The frequencies 
of the two fields are made to differ 
from each other by fixed or variable 
values up to a maximum of 150 Hz. 
By superposition of the two fields, the 
components of which differ at differ-
ent points in the body, a low frequency 
beat signal is produced. 
Several theoretical explanations of 
this technique (De Domenico 1981, 
Hansjurgens 1977) have used a sim-
plified field theory to determine the 
resultant field in both magnitude and 
direction. 
Both in the simple tetrapolar exci-
tation and in the more recent stereo-
dynamic interferential current theory 
(Szehi and David 1980) the experi-
mental justification for the calculated 
fields has been limited. 
In the published work (Hansjurgens 
1977, Szehi and David 1980) the me-
dium has also been assumed to be 
homogeneously conducting and of in-
finite extension. 
It was the object of this study to 
investigate the electrical superposition 
within a fluid medium of two electrical 
signals of frequency 4000 and 4100 
Hz respectively. The study was de-
signed to ascertain whether the elec-
trical beating components expected by 
normal beat frequency theory (Seto 
1971) do in fact occur (Appendix 1). 
Theory 
When a medium is irradiated with 
two medium frequency electrical fields 
each small region A within the medium 
will have a component field due to 
each of the applied fields of amplitude 
XA and YA. At any instant of time 
any point (such as A) in the medium 
will have two field lines crossing it, 
one from each of the two sets of 
electrodes. Each pair of electrodes will 
produce a vector electric field at A 
having its maximum value in the di-
rection tangential to its respective field 
line (AC and AE in Figure 1). 
These signals will be vector in nature 
and therefore there will be one direc-
tion in which the amplitude of one of 
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Figure 1: Field lines between opposite electrode pairs intersect at point A. The 
two fields at point A, XA and YA) are tangential to the field lines. 
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Figure 2: Components of one field at A. AC is the field direction At any angle 
6 to AC the component of the field is XA cos 0. 
the fields will be XA and in other 
directions a smaller component value 
of X will occur (Figure 2). At an angle 
6 relative to this direction of maximum 
value (XA) the component of the field 
X will be XA cos 6. The frequency of 
the component will be the same as 
that for X. 
A second field created by the other 
set of two electrodes will also occur 
at A. The direction of the field at A 
having amplitude YA will depend on 
where A is in the field and the mag-
nitude of YA will also depend on the 
conducting pathways between the elec-
trodes as well as the applied voltage 
at the electrodes. J t should be empha-
sised that both X and Y separately 
will have components in all directions 
at A as indicated in Figure 2. 
In the case of the interferentiai field 
the amplitude of the two signals at a 
point depends on the electrical path 
as well as the applied voltage ampli-
tudes. 
At any one point A in the field the 
electrical amplitudes (XA and YA) gen-
erated by the two sets of applied fields 
could be different. In different regions 
within the human body, one would 
expect to have different numerical 
values of XA and YA and also the 
angle between the two components to 
vary over a wide range. 
At each point within a medium, 
however, it would be expected that 
two directions will have components 
of X and Y which are equal (Appendix 
1). In these directions a full 100 per 
cent beat effect will occur [Figure 
3(a)], one direction having a larger 
beat amplitude than the other. In all 
other directions the amplitudes of the 
two components of X and Y will be 
different [Figure 3(b)] and the beat 
pattern will not be fully modulated. 
The present study was designed to 
test if the electrical fields present in a 
conducting medium can be explained 
by the above mathematical analysis. 
Methods and Procedures 
The electrical field detector con-
sisted of an insulated set of plates 0.01 
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Figure 3(a): in the direction AL, where the components of 
XA and YA have equal amplitudes, full 100 per cent beating 
occurs 
Figure 3(b): In any direction other than AL, the components 
of XA and YA are unequal and full beating does not occur. 
m in diameter (capacitance 0.01 uF) 
with an exposed portion in the centre 
on both sides to allow free flow of 
current initiated by the local electrical 
field. The voltage across the plates 
was input into a differential amplifier 
made up of the two input amplifiers 
of a Phillips PM3244 cathode ray 
oscilliscope (C.R.O.). The interferen-
tial used in the study was a Medeci 
Model 3060. The medium exposed to" 
the fields was water which was con-
tained in a plastic tray (0.22 x 0.29 x 
0.05 m3) and the four electrodes (two 
pairs) were glued to the internal sides 
of the tray at the midsection of each 
side. 
The electrodes consisted of con-
ducting rubber pads (standard Medeci 
pads). 
The volume of water was divided 
into 25 cells of equal volume by means 
of eight intercrossing conducting" rub-
ber strips built similar to ice cube 
separators (Figure 4). 
A stage consisting of a board and 
a rotating circular calibrated angle 
scale was used to control and measure 
the vector magnitude and angle rela-
tive to one of the sides of the plastic 
tray which was designated the hori-
zontal vector direction. 
The error of measurement of angle 
was less than 5°. 
The direction of the detected field 
was assumed to be that component 
perpendicular to the plane of the 
plates. 
The outputs of the four electrodes 
(two pairs) were set at equal intensities 
and at frequencies of 4000 and 4100 
Hz. 
When measurements of X or Y were 
taken separately, a dummy load of 
100 Q was connected to the unused 
output terminals. 
Measurements of XA and YA were 
recorded separately in each of the 25 
electrode 4cm X 4cm 
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Figure 4: Subdivision of medium into 
25 cells. 
cells. The probe direction was changed 
until the signal observed on the C.R.O. 
was maximum. Both the amplitude 
and direction of the maximum signal 
were noted. 
Both X and Y electrical signals were 
then connected simultaneously. The 
measurements of the resultant field 
were made by rotating the probe in 
the cell until maximal 100 per cent 
beating was indicated. The angle of 
the probe and the magnitude of the 
amplitude of the beat envelope were 
recorded. 
Thus values of XAt a, YA, 0, R and 
Q were determined in each cell where 
XAI YA and the maximum beat result-
ant amplitude R, have angles a, fi and 
Q respectively, with the horizontal 
(Figure 5). 
From each set of XA, a, YA and j5 
a vector diagram was drawn (Figure 
6) with XA and YA in their measured 
directions a and /? respectively (AC 
and AE) so as to make an acute angle 
between AC and AE. 
A perpendicular AD was then drawn 
from A to the line EC. As both AC 
and AE have perpendicular projection 
AD onto the direction AO then AD 
was the expected magnitude of half 
the maximum beat amplitude (Rm). 
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Figure 5: Vector diagrams indicating the magnitude (XA and YA) and direction 
(a, fl) of two maximum components of the applied fields (X and Y) and the 
magnitude and direction of the maximum 100 per cent beat signal (R, Q). 
Figure 6: Vector diagram using XA and YA from Figure 5. The perpendicular to 
EC from A (AD) is a measure of Rm. 
The angle between AD and the hori-
zontal was a measure of the direction 
of maximum beating Qin. 
The values of R and Rin, and Q and 
Qmwere then compared. 
Measurements of angle and beat 
amplitude were also recorded in one 
cell over a wide range of angles. 
Results 
The measurements of XA, a, YA, fi, 
R, Rm, Q and Qm are tabulated in 
Table 1. The cells were labelled from 
left to right and top to bottom begin-
ning with 'a' at the top left hand 
corner cell and having five lines 
(Figure 4). 
The measurements of peak to peak 
value (P), twice beat amplitude (B) at 
various angles Q from the horizontal 
for cell g are listed in Table 2. 
The ratio of beat amplitude to peak 
amplitude (B/P) expressed as a per-
centage is also included in Table 2. 
The two individual components XA 
and YA and their corresponding angles 
a and fi for maximal values were 750 
mV, 750 mV, 25°, -50° respectively, 
In each cell the resultant field in 
different directions was qualitatively 
obtained and was found to coincide 
with the expected results using vector 
analysis as indicated in Figure 2 and 
3. 
The expected fields within one cell 
in different directions for a single fixed 
frequency applied at electrodes A were 
also verified by the study and are 
illustrated in Figure 2. The maximum 
amplitude occurred in direction AC 
and at various other directions the 
component measured had smaller am-
plitude down to zero in the direction 
at right angles to AC. 
Discussion and 
Conclusions 
The experimental value of R and 
the geometrically determined value of 
R (Rm) show good correlation (r = 
0.93). The direction of R (Q) deter-
mined experimentally also agrees with 
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Table 1: 
Measurements of XA cr, YA, /?, R, 2 , Rlf) and Qm 
Line 
Cell 
(No.) 
1 a 
1 b 
1 c 
1 d 
1 e 
2 f 
2 g 
2 h 
2 i 
2 1 
3 k 
3 1 
3 m 
3 n 
3 o 
4 P 
4 q 
4 r 
4 s 
4 t 
5 u 
5 v 
5 w 
5 x 
5 y 
MEAN 
SD 
xA 
(mV) 
340 
510 
600 
640 
240 
800 
800 
650 
750 
950 
1550 
1100 
900 
900 
1450 
1000 
850 
850 
850 
1600 
700 
700 
750 
850 
460 
a 
(V 
35 
25 
12 
0 
-8 
20 
15 
5 
-15 
-47 
23 
23 
10 
5 
-5 
-53 
0 
8 
15 
47 
-40 
8 
10 
0 
55 
vA 
(mV) 
340 
1100 
1200 
750 
240 
750 
550 
750 
900 
500 
450 
750 
950 
800 
450 
450 
650 
1050 
900 
450 
700 
900 
1800 
1000 
350 
P 
(°) 
45 
60 
65 
-32 
4 
85 
80 
90 
83 
-65 
90 
-85 
90 
-80 
-67 
-60 
-65 
-78 
87 
82 
-40 
-25 
-50 
40 
77 
R 
(mV) 
700 
1050 
1150 
1250 
480 
1200 
1000 
900 
1150 
700 
800 
1300 
1250 
1250 
800 
750 
1300 
1300 
1450 
700 
1400 
1350 
1400 
1700 
1200 
1101 
300 
Q 
(°) 
42 
0 
10 
15 
0 
60 
70 
47 
. 
53 
70 
47 
70 
44 
10 
0 
13 
80 
42 
28 
50 
85 
45 
65 
55 
30 
45 
40 
a, 
(mV) 
690 
1080 
1180 
1260 
480 
1300 
1060 
1000 
1220 
580 
900 
1400 
1400 
1240 
880 
200 
1200 
1340 
1380 
680 
1400 
1400 
1500 
1700 
1200 
1106 
356 
2 m 
(V 
40 
-7 
5 
10 
-2 
56 
65 
44 
-50 
60 
-87 
73 
47 
-41 
-73 
50 
-45 
-28 
48 
-50 
-40 
13 
10 
11 
113 
42 
26 
R Slope 1.108, mt -114 r 0.93 
Q Slope 1.016, int 0.18 r 0.94 
the geometrically determined value Qm 
with regression line coefficient of 0.94. 
These good correlations give sup-
port to the validity of the mathemat-
ical treatment of beats to interferential 
field analysis as described in Appendix 
I. 
It is therefore valid to reason that 
at each point in a medium there will 
be created two electrical vector fields 
originating from the four interferential 
electrodes (two pairs). As a result of 
these two fields a beating effect will 
be produced which at each point in 
the medium has some direction which 
displays a maximal pure beat result 
[Figure 3 (a)I. 
It can be deduced that the direction 
of this maximal 100 per cent beating 
is almost the same direction as that 
of the smallest of the two components 
producing the resultant field. Data 
from Table 1 supports this. 
This means that even near the elec-
trodes there will be a direction in 
which 100 per cent beating occurs, but 
this direction is mainly determined by 
the smaller component which is usually 
that electric field component coming 
from the electrode system most distant 
to the point in question. It was found 
experimentally that at any position 
within the medium there were two 
directions in which 100 per cent mod-
ulation occurred. Greater than 50 per 
cent modulation was obtained in more 
than 70 per cent of the directions at 
any arbitrary point A (see for example 
Table 2). 
Several deductions can be made 
from the data in Table 1 and Table 2 
and the other observations. 
1. The maximal direction of R de-
pends on the components of the 
two fields in the region. 
2. All cells have some direction in 
which there is 100 per cent beating. 
3. The central region of this water 
medium is not the only region with 
strong beating effects, 
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Table 2: 
Measured values of electrical amplitudes of the resultant in different 
directions {$) in the one cell (g). 
Angle (d) 
(°) 
0 
10 
20 
30 
40 
50 
60 
70 
80 
90 
100 
110 
120 
130 
140 
150 
160 
170 
P 
(mV) 
1000 
1000 
750 
750 
900 
1000 
1050 
1050 
1050 
900 
850 
750 
900 
950 
1000 
1050 
1050 
1050 
B 
(mV) 
700 
500 
300 
200 
700 
800 
1050 
800 
700 
500 
300 
100 
400 
500 
700 
900 
1000 
1050 
B/P 
(%) 
70 
50 
40 
27 
78 
80 
100 
76 
67 
56 
35 
13 
44 
53 
70 
86 
95 
100 
At each angle a measure of peak to peak signal (P) and double beat 
amplitude (B) are listed and the relative percentage B/P determined. 
The applied fields X and Y were different amplitudes to those used in 
Table 1. 
4. The direction of maximal beating 
closely aligns to the direction of 
the smallest component in each cell 
and thus near the electrodes max-
imum beating occurs in a direction 
lying close to the parallel to the 
electrode surface and not perpen-
dicular to it, 
5. The direction of maximal beating 
is quite variable between cells and 
can be varied in each cell by varying 
the relative amplitude of the X and 
Y signals. 
6. There is strong beating effects near 
the electrodes, but in a direction 
determined by the weaker field 
from the far electrode pair-
Some of these observations do not 
agree with those predicted by the 
oversimplified approach of Hansjur-
gens (1974) and Szehi and David 
(1980). Hansjiirgens (1974) indicated 
a null at the electrodes and suggested 
that the strong beats should be expe-
rienced in cells in the four diagonal 
directions of their square matrix. 
These authors suggested that no beat 
modulation would occur in cells, k, 7, 
m, n, o, for example. This was found 
not to be the case (Table 1). 
The medium used in the present 
study was close to being homogeneous, 
but very few of the cells had low 
beating effect. The angles of maximal 
beating differed quite radically from 
cell to cell however (Table I). 
The data from Table 2 give a typical 
picture of the variation of beat am-
plitude in different directions within 
the one cell. Over 70 per cent of the 
directions measured had a resultant 
component of the signal which con-
sisted of more than 50 per cent beat-
ing. 
These results are typical of any cell 
within the medium. Thus any cell in 
the medium will have two directions, 
not necessarily at right angles, in which 
100 per cent beating occurs. In the 
one cell measured, for example, 100 
per cent beating occured at 60° and 
170° to the horizontal (Table 2). These 
results thus strongly reinforce the fact 
that there is not just one direction in 
which strong beating resultant fields 
will be expected. 
Using these results it is possible to 
speculate on the induced fields within 
tissue. 
At any point A in tissue the two 
fields X and Y will occur. (AC and 
AE respectively in Figure 3). 
The maximum value of the field X 
Figure 7: At point A, one field is in the direction AC, the other in the direction 
AE. Full 100 per cent beating occurs in the directions AL and AM where the 
components of XA and YA have equal amplitudes. 
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will be in the direction of AC which 
is the direction of maximum amplitude 
if only A (not B) electrodes are op-
erable. However Y will now also have 
a component in the direction AC. The 
resultant would be the vector sum of 
these components. 
With both electrode systems oper-
ating, the resultant signals in different 
directions is as illustrated in Figure 3. 
The electrical fields consisting of 
only one of the frequency components 
would now only occur in directions 
which are perpendicular to one of the 
directions of AC or AE. In these 
directions only the electrical field com-
ponent from one pair of electrodes 
would exist. 
In two other directions, AL and 
AM (Figure 7), 100 per cent beating 
occurs. In all other directions the 
resultant amplitude will consist of a 
partial beating superimposed on the 4 
kHz signal. 
Caution should therefore be used in 
interpreting simplified electrostatic po-
tential theory in the understanding of 
interferential therapy, as some previ-
ously published theory would suggest 
contrary results to some of the findings 
of this study. 
In contrast to predictions by Hans-
jiirgens there will be a strong beating 
signal at points along the lines joining 
the electrodes, but this electric field 
will have its two 100 per cent beating 
modulation vectors at some angle to 
these lines. This angle will depend on 
the component electric field ampli-
tudes at the point in question. Gen-
erally it can be stated that 100 per 
cent modulation will occur at any 
point in the medium where two field 
components exist and the direction of 
this 100 per cent beat modulation lies 
closest to the smallest of the two field 
components. 
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Appendix 1 
Theory of Beats 
In the case of two harmonic elec-
trical fields of the same amplitude and 
direction, but with slightly different 
frequencies, the resultant beat fre-
quency and amplitude can be deter-
mined mathematically. 
Let the amplitude of each signal be 
xf (t) and x2 (t) where Xj (t) = A0 cos 
cot, and x2 (t) = A0 cos (co + Aco) t 
are the two harmonic electrical signal 
amplitudes at time t, having amplitude 
A0 and frequency f and f + Af where 
co — 2 TT f. 
The resultant of these two signals 
at a point in the field will be x(t) 
where 
x(t) = x, (t) + x2 (t) 
= A0 cos cot + A cos (co + Aco) t 
= A0 [cos cut + cos (co + Aco) tj. 
From trigonometry cos x + cos y 
= 2 cos Vi (x + y) cos Vi (x — y). 
Thus — 
x(t) = 2 cos Vi (cot + cot + Aco t) 
2 
cos (" - ) t 
2 A, 
Aco 
cos ( ) t cos 
The amplitude of x(t) fluctuates 
between zero and 2AC due to the 
Aco 
2 A0 cos (~~~) t component of x(t). 
The general amplitude of x(t) is, how-
ever, a cosine function of angular 
frequency (co + Aco/2) which is a 
frequency close to co (if co » Aco). 
This special pattern of amplitude var-
iation is known as the beating phe-
nomenon. Whenever the amplitude 
reaches a maximum, there is said to 
be a beat. The beat frequency as 
determined by two consecutive maxi-
mum amplitudes is equal to 
f(b) = Aco + co __ co 
2n 2n 
Aco 
2TT " 
Hz 
(co + 
Aco ■ ) t . 
and the beat period 
1 In 
Tb = — = seconds. L An 
If the two component amplitudes 
(A, and A2) are not equal then 
x(t) - A, cos cot + A2 cos (co + Aco)t 
Without loss of generality, we can set 
A, - A2 + A3. We then have 
x(t) - A3 cos cot + A2 [cos cot + cos 
(co + Aco) tj 
- A3 cos cot 4- 2 A2 cos 
Aco Aco 
( — ) tcos(co + — ) t . 
Thus a beat component of reduced 
amplitude (2A2) will occur. This re-
duced amplitude is due to A2 being 
less than the common value existing 
when both components are equal. One 
of the two components must decrease 
as the direction of resolution is 
changed from the direction in which 
100 per cent beating occurs. 
This reduced beat amplitude will be 
superimposed on a common amplitude 
signal of frequency co producing a 
resultant similar to the pattern ob-
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tained for modulation at less than 100 
per cent. 
The beat amplitude remains reason-
ably high over a wide angle of the 
field direction at each point in the 
medium either side of the directions 
in whicn A, - A2. The directions in 
which Aj = A2 could be called the full 
100 per cent beating directions. (Sim-
ilar to 100 per cent modulation direc-
tions.) 
The resultant of two fields in any 
one direction at A will depend on the 
amplitudes of each of the two fields 
(XA and YA) at A as well as the angle 
between XA and YA and that direction. 
Let XA and YA make an angle 6 with 
each other and the direction in which 
the resultant field at A is observed be 
AD which makes an angle y with AC 
the direction of XA. 
Then the components of X and Y 
in the direction of AD are XA cos y 
and YA cos (0 — y) respectively. 
Thus in the directions in which XA 
cos y ~ Ya cos (9 — y) the two 
component amplitudes will be equal 
and in these directions full 100 per 
cent beats will occur with amplitudes 
2 XA cos y. 
In any other direction one of these 
two components will increase and the 
other decrease so that the beat ampli-
tude, which is double the smallest 
amplitude, must decrease. If y is close 
to 0 the rate of change of XA cos y 
with angle 0, which is proportion to 
sin y, will be small. Thus within a 
wide angle of the field there will exist 
a large beat amplitude. 
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